(HSPG) mRNA in rat kidney may correlate with CaOx crystal formation and deposition in the renal tubules [4, 5] . Oxalate, which is an end product and secreted in urine, can induce renal cell injury [6] [7] [8] .
On the other hand, several researchers have reported that heparin or HS inhibit calcium oxalate crystal aggregation, as well as crystal adhesion on the renal epithelial cells via the formation of a charge barrier [1] [2] [3] . Previously, we reported that HSPG (syndecan) mRNA significantly increased in the rat kidney during CaOx nephrolithiasis [4] . However, exact mechanism of increased expression of HSPG remains unclear. Various types of cultured epithelial cell lines have been used for experiments on kidney stone research. Mardin-Darby canine kidney (MDCK) cells also have been used commonly. Recently, several investigators have reported that presence of GAGs, such as HS and chondroitin sulfate (ChS) prevent crystal attachment to the tubular epithelial surface [3, 9, 10] . Unfortunately, previous reports failed to confirm the exact role of cell surface HS, because the wild type MDCK cells do not express any type of cell surface heparan sulfate proteoglycan (HSPG, syndecan) [11] . Recently, we established novel MDCK cell lines (KIC-synd-1) that expressed the human syndecan-1 gene, and we confirmed that cell surface HS inhibited the COM crystal cell attachment [12] . In the present study, we examined the change of heparan sulfate proteoglycan (syndecan-1) expression on the KIC-synd-1 cells during oxalate exposure.
MATERIALS AND METHODS

Cell cultures
MDCK cells (ATCC CCL 34) were obtained from the Laboratory Products Division of Dainippon Pharmaceutical Co. (Osaka, Japan) and sub-cultured in minimum essential medium (MEM; Gibco BRL, Life Technologies, Inc, Gaitherburg, MD) containing 10% fetal calf serum (FCS; Gibco BRL) and 1% antibiotics (penicillin and streptomycin) / anti-micotic solution (Gibco BRL) at 37°C in a 5% CO 2 and 95% air atmosphere. Newly established MDCK transfectant that expressed human-syndecan-1 (KIC-synd-1) were grown in similar growth media containing neomycin (G418, 20 μg/ml). This cell line was transformed with human syndecan-1 cDNA derived from the human prostate cancer cell line (LNCaP; ATCC CRL 1740, Dainippon Pharmaceutical Co., Osaka, Japan) [12] . KIC-synd-1 cells that we established from MDCK transfectant has already been recognized at our ethical committee.
Reverse Transcription (RT)-PCR
To evaluate the expression of human-syndecan-1 mRNA in both MDCK cells and KIC-synd-1 cells, the following experiments were performed. In brief, 1×10 6 cells were harvested and their poly-(A+)-tailed RNA was isolated, then first strand cDNA was synthesized by manufacturer's protocol. RT-PCR was performed according to protocols detailed elsewhere. Amplifications were performed as 25 μl reactions consisting of 1 μg of cDNA, 0.65 U of recombinant Taq DNA polymerase (Qiagen GmbH, Hiden, Germany), 2.5 μl of 10× reaction buffer (10 mM TrisHCl, pH 8.3, 50 mM KCl, 1.5 mM MgCl 2 ), 200 μM of each deoxyribonucleotide triphosphate (dNTPs), and 1.25 μl each of the 5' and 3' primers (20 μM). After 3 min denaturation step, PCR consisted of 35 cycles, where each cycle consisted of 45 sec of denaturation at 94°C, 60 sec of annealing at 60°C, and 90 sec of extension at 72°C. The primer sequences for syndecan-1 were as follows: sense primer, 5'-ATGAG-GCGCGCGGCGCTCTGG-3' specific for human syndecan-1 (206-226); antisense primer: 5'-TGCAG-GGGTTGAGGTCTCATG-3' (689-709) [13] . To control for the presence of different amounts of cDNA in different mRNA preparations, human cyclophilin mRNA was amplified from each cDNA. Primer sequences for cyclophilin were as follows: sense primer, 5'-TTTATGTGTCAGGGTGGTGACTTCA-3', corresponding to nucleotides 192 to 216, antisense primer, 5'-TATTCATGCCTTTCACTTTGC-3', corresponding to nucleotides 403 to 426 [14] .
Application of oxalate containing solutions
To evaluate the effect of oxalate on the cultured renal epithelial cells, we added the either 0.5 mM or 1 mM sodium oxalate in calcium nominally free solution which composition is the same with NT solution without calcium chloride (pH 7.4). Each test solution was applied to a 25 cm 2 culture dish (controlled to a total volume of 5 ml) and incubated at 37°C in the CO 2 incubator for 1 hr. In each experiment, a minimum of 5 replications was performed for each treatment.
Quantitative-competitive RT-PCR
QC-RT-PCR was performed using an internal competitive template, as described elsewhere [15] . In brief, this QC-PCR is based on the assumption that the cDNA template and the competitive template compete equally for the primers and that amplification is internal control, a 318 bp fragment of the syndecan-1 gene flanked by sequences homologous for the 5' and 3' ends and containing the gene specific probe sites was synthesized. To accomplish this, a PCR using the 5'-primer plus a modification of the 3'-primer were used. The modified 3'-primer as follows: 5'-TGC AGG GGT TGA GGT CTC ATG GAC TAC AGC CTC TCC CTC CTT-3' corresponding to nucleotides 689-709 and 503-523 of human syndecan-1 mRNA consists of two portions: a 5'-end which annealed to the normal binding site of the 3'-end of the syndecan-1 gene leaving the 3'-end of the primer un-annealed, plus a 3'-end which annealed at an internal site leaving the primer un-annealed. The PCR using this primer pair preferentially amplified the shorter 318 bp segment and synthesized the 3'-end primer site resulting in a 339 bp product. This PCR fragment was size-fractionated by electrophoresis through 1.3% agarose gel, the 339 bp band extracted using the QIAquick DNA extraction protocol (Qiagen Inc.), and ligated into the TA cloning vector, PCR 2.1 plasmids were selected following transformation of and growth in INVαF competent cells. Positive colonies were confirmed by identification and sequencing of a proper insert fragment following digestion with EcoRI. The plasmid DNA was purified by alkaline lysis and polyethylene glycol (PEG) precipitation, then quantified. QC-PCR was performed using 1 μl of a dilution (from 10 1 -10 9 copies) of the synthetic internal competitive DNA template. PCR products were resolved by electrophoresis through 1.3% agarose gel containing ethidium bromide, and then visualized in UV light. The gels were scanned and intensity of each PCR fragment was measured using image analyzer (Gel Doc 1000, Bio Rad, Hercules, CA). Band intensities were normalized for differences in molecular weights. We also sequenced the PCR products and compared them with those of cDNA clone.
Sodium dodecyl sulfate-polyacrylamide gel electrophoresis (SDS-PAGE) and Western blotting of culture medium
Culture supernatant (10 ml) was collected and concentrated to a volume of 500 μl using a centricon 10 centrifuge tube assembly (Amicon, Inc, Beverly, MA). The GAG chains were digested by 0.01 U/ml heparitinase and 0.2 U/ml chondroitinase ABC protease free (Seikagaku Kogyo, Tokyo, Japan) for 1 hr at 37°C. For each supernatant, 5 μl were applied through 10-20% gradient gels using the Laemmli buffer system and a Bio Rad Mini-Protean II apparatus (Bio Rad Laboratories, Hercules, CA). Proteins were visualized by staining the gels with CBB-250R. Following SDS-PAGE, unstained gels were transferred (100 V for 2 hrs) to BioBlot nitrocellulose membranes (Coster Scientific Co., Cambridge, MA) by using a Mini Transblot apparatus (Bio Rad Laboratories). The membranes were blocked with bovine serum albumin (1%) in TBST (6.38 mM Tris-HCl, 25 mM NaCl, 0.05% Tween 20 [pH 8.0]). Membranes were treated for 16 hrs with mouse anti-human syndecan-1 monoclonal antibody (clone MCA681; Serotec Ltd, Oxford, U.K.) diluted 1: 500 in 1% BSA-TBST. Membranes were then treated for 2 hrs with peroxidase-conjugated IgG (Jackson ImmnoResearch, Pennsylvania, U.S.A.) for 30 min. Bound syndecan-1 was detected by ECL detection system (NEN Life Science Products, Boston, MA) and autoradiographed on rx FILM (Polaroid).
Analysis of syndecan-1 production by immunohistochemistry
The localization of syndecan-1 on KIC-synd-1 cells and on wild type MDCK cells were confirmed by immunohistochemistry with mouse anti human syndecan-1 core protein monoclonal antibody (clone MCA681). In brief, cells were grown by confluent in the 35 mm φ glass bottom dish. Cells were rinsed with PBS twice and then fixed with 10% formalin for 40 min at room temperature. Formalin was removed and cells were rinsed with PBS twice. Add 2 ml of blocking buffer and incubate at room temperature. The first antibody (1:200 dilution) was added and incubated at room temperature for 30 min. The cells were rinsed with PBS and biotinylated second antibody was added and incubated for 30 min. After rinsed the cells with PBS and ABC buffer was added and incubated for 30 min. Immunohistochemical reaction was detected with DAB stain kit (Dako).
In situ hybridization
To evaluate the localization of syndecan-1 gene, in situ hybridization was performed. In brief, the syndecan-1 antisense oligo-DNA using thymine-thymine (T-T) dimerized DNA as a haptenic probe was selected complimentary to the mRNA sequence coding for amino acids of the human syndecan-1 core protein and the syndecan-1 sense oligo-DNA corresponded to the mRNA sequence (Hishikawa Y et al., Molecular Histochemical Techniques, Koji T. Ed. Springer-Verlag Tokyo). These two oligo-DNAs were added with two and three repeats of adenine-thymine-thymine (ATT) at the 5' and 3' ends for the T-T dimmers respectively. The oligo-DNAs were haptenized by UV (10,000 Jm -2 ) irradiation [16] . The oligo-DNA probe sequenc-es of human syndecan-1 for in situ hybridization were as follows: sense: 5'-TTATTACGACCCAGGGAGACCACACAGCTC-CCGACCACTCATCAGGCCTCAATTATTATT-3' (613-658, GenBank accession # BC008765) anti-sense: 5'-TTATTATGAGGCCTGATGAGTGGTCG-GGAGCTGTGTGGTCTCCCTGGGTCGATTAT-TATT-3' (658-613, GenBank accession # BC008765) MDCK cells and KIC-synd-1 cells, both subconfluent, were cultured on 4 well glass slides (Lab-Tek II chamber; Nalge Nunc, Naperville, IL) in a water-jacketed incubator according to the standard procedures. These cells were treated with 0.2 N hydrochloric acid (RT, 20 min) and digested with 2 μg/ml of proteinase K (37°C, 15 min). After post-fixation with 4% paraformaldehyde in PBS (5 min), the cells were immersed in 2 mg/ml glycine in PBS (15 min) twice and kept in 40% de-ionized formamide in 4 X SCC until used for hybridization. Hybridization was carried out at 42°C for overnight with 2 μg/ml T-T labeled oligo-DNA probes dissolved in the hybridization medium. After repeated washings, the signals were detected by enzyme immunohistochemistry as described above, without any counterstaining. To confirm the specificity of syndecan-1 mRNA signals, we conducted various types of control experiments concurrently with the test experiments. First, the sense probe was used as a negative control in every run. The cells were used to evaluate the level of hybridizable RNAs for 28S rRNA probe as a positive control in every case [17] . Furthermore, these cells were hybridized with T-T complementary oligo-DNA for 28S in the presence of an excess amount of 50-fold non-haptenized complementary oligo-DNA for 28S rRNA to provide definitive evidence for the sequence specificity.
Analysis of GAGs chain by high performance liquid chromatography (HPLC)
To evaluate the difference of GAGs composition between KIC-synd-1 cells and wild type MDCK cells, we performed HPLC. Both types of cells (1.0×10 6 cells) were seed on 25 cm 2 Falcon Flasks and grown by confluent. The cells were rinsed twice by PBS solution, then the cells were treated with 0.05 units of heparitinase I and II (from Flavobacterim heparinum, Seikagau Kogyo, Tokyo, Japan) in 1 ml of 10 mM calcium acetate buffer (pH 7.0) at 37°C for 2 hrs. After each digestion, collect the supernatant and four volumes of ethanol (99.5%) were added to each reaction and mixture allowed to stand overnight at 4°C. Subsequently, these mixtures were centrifuged at 3,000 rpm for 20 min to remove any residual proteins. The supernatant was then dried under nitrogen gas and the residue dissolved in 100 μl of mobile phase solution (0.
Measurement of cell viability
To assess cell viability under the presence or absence of oxalate, an MTT assay was performed [18] . In brief, both MDCK cells (4×10 3 cells/well) and KIC-synd-1 cells were seeded on a 96-well-plate (Falcon) and cultured for 24 hrs, and then used in the following experiment. Cells were incubated in 100 μl of Ca 2+ free solution with or without NaOx (1 mM) for 30 min and one hr. For each plate, absorbance was monitored using 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide (MTT) cell growth assay kits (Chemicon, Temecula, CA, USA), according to the manufacturer's instructions. The number of viable cells was estimated by measuring the absorbance of each well with Easy Reader EAR 400 (SLT Lab Instruments, Salzburg, Austria). The rates of viable cells were obtained as the ratio of experimental absorbance (viable cell number in the experimental wells) to control absorbance (viable cell number in the control wells).
Statistical analysis
Data are expressed as mean±S.E.. Differences between data sets were analyzed by either the unpaired t or Mann-Whitney tests. A P<0.05 was considered to be statistically significant.
RESULTS
Expression of syndecan-1 in MDCK cells
As shown in Fig. 1 , KIC-synd-1 cells and LNCaP cells show high expression of transfected human syndecan-1 gene, which appears as a band at 504 bp. In contrast, however, wild type MDCK cells do not ex-press syndecan-1 gene. The PCR bands for cyclophilin (Fig. 1, bottom panel) showed similar band intensities for the different cDNA preparations, indicating that similar amounts of cDNA were available. Figure  2 shows Western blot analysis in each cell lines. Both KIC-synd-1cells and LNCaP cells expressed syndecan-1 core protein (Fig. 2) . However, wild type MDCK cells do not produce syndecan-1 core protein (Fig. 2) . The localization of syndecan-1 on KIC-synd-1 cells and on wild type MDCK cells were confirmed by immunohistochemistry with anti-human syndecan-1 core protein monoclonal antibody. Syndecan-1 was significantly stained on basolateral surface and cytosol in KIC-synd-1 cells (Fig. 3C) . However, both wild type MDCK cells and negative control (without antibody) did not show any stain against syndecan-1 monoclonal antibody ( Figs 3A, B, D) .
Localization of syndecan-1 mRNA
To examine the localization of syndecan-1 mRNAs in both MDCK and KIC-synd-1 cells, we performed in situ hybridization. The antisense probe for syndecan-1 mRNA was confirmed after staining KICsynd-1cells (Fig. 4C ). Yet, the antisense probe for syndecan-1 mRNA gave negative results after MDCK cells (Fig. 4A) were stained. As a negative control, when cells were hybridized with T-T dimerized syndecan-1 sense probe, no signal was observed (Figs 4B,  D) .
Increased production of HS in KIC-synd-1 cells
To assess the level of cell surface HS concentration in both MDCK and KIC-synd-1 cell lines, HPLC was performed. Figure 5 shows the total amount of cell surface HS in both cell lines. Interestingly, the concentration of total HS was significantly higher in the KIC-synd-1 cells than that of MDCK cells (p<0.05).
Increased expression of syndecan-1mRNA in the KICsynd-1 cells following exposure to oxalate
A level of syndecan-1 mRNA expression in KICsynd-1 cells prior to and following exposure to oxalate was determined by QC-RT-PCR (Fig. 6) . Exposure of the KIC-synd-1 cells to oxalate resulted in nearly 20 times increase in the expression of syndecan-1 mRNA (Fig. 6A) . Figure 6B shows the relative gene expression of syndecan-1 in each group. The expression of syndecan-1 gene was significantly increased in the oxalate-exposed cells (p<0.01).
Increased production of syndecan-1 core proteins in KIC-synd-1 cells following oxalate exposure
Culture medium collected from KIC-synd-1 cell Figure 6 shows the relative expression level of syndecan-1 mRNA in each group. Levels of syndecan-1 mRNA expression in KIC-synd-1 cells prior to and following exposure to oxalate was determined by QC-RT-PCR (Fig. 6A, top panel) . Exposure of the KIC-synd-1 cells to oxalate resulted in nearly 20 times increase in the expression of syndecan-1 mRNA (Fig. 6A, bottom panel) . Figure 6B shows the relative gene expression of syndecan-1 in each group. The expression of syndecan-1 gene was significantly increased in the oxalate-exposed cells (*p<0.05, **p<0.01). cultures that were either untreated or treated with oxalate were concentrated 10-fold, and then subjected to SDS-PAGE. Each protein gel was transblotted onto PVDF membranes, the membranes treated with mouse anti-human syndecan-1 monoclonal antibody (MCA681) as described above. Figure 7 shows increased production of syndecan-1 core protein after oxalate exposure. Syndecan-1 core protein slightly increased just after termination of oxalate exposure. Moreover, the production of core protein tended to increase further 3 hrs incubation without oxalate exposure.
MTT assay
To assess the viability of the cells after oxalate exposure, MTT assay was performed. The cell viability decreased significantly in the MDCK cells after 1 mM oxalate exposure (Fig. 8) . On the other hand, there was significantly difference in the oxalate exposed KICsynd-1 cells. However, cell viability decreased significantly in the heparitinase-treated cells before oxalate exposure (Fig. 8) .
DISCUSSION
In this report, we provide the first direct evidence that a high concentration of extracellular free oxalate can induce an increased production of cell surface HSPG syndecan-1. In the kidney, HS is the major acid glycosaminoglycans (GAGs) constituent of both the glomerular and tubular basement membranes (GBM and TBM) [19] . Basement membrane type HSPG in GBM, so called perlecan is important for maintaining the integrity of glomerular size and the charge barrier [20, 21] . A decrease in negatively charged molecules within the GBM is thought to be responsible for the albuminuria that arises under various nephropathic conditions [19] [20] [21] [22] . On the other hand, the function of other type of HSPG, such as syndecan [23, 24] , remains unclear in the kidney. In general, syndecan is localized on the cell surface of a wide variety of mammalian epithelial cells, where it is involved in maintaining epithelial morphology and stabilization [23, 24] .
In the previous reports indicated that GAGs play an important role in crystal-cell interactions [3, 9, 10] . Removal of GAGs from renal epithelial cell surfaces promotes crystal adhesion and the process is recovered by treatment with sulfated polysaccharides, such as heparin, HS and chondroitin sulfate [9, 10] . Pretreatment of CaOx crystals with sulfated GAGs prevents their adherence to LLC-PK1 and MDCK cells in cul- Fig. 8 . Figure 8 shows the change of cell viability either presence nor absence of oxalate in each cells. The cell viability decreased significantly in wild type MDCK cells after 1 mM oxalate exposure (P<0.05). On the other hand, there was no significantly difference in the oxalate exposed KIC-synd-1 cells. However, cell viability decreased significantly in the heparitinase-treated cells before oxalate exposure. (N=5 dishes each) Fig. 7 . Figure 7 shows that oxalate (1 mM) exposure for 1 hr increased production of syndecan-1 core protein (72 kDa). [26] . Moreover, the findings of both transmission electron microscopy and MTT assay revealed higher concentration of oxalate might injure the cells within short duration. Although the exact mechanism of the oxalate-induced change of cytosolic Ca 2+ levels remains unclear, this phenomenon was strongly inhibit by presence of HS [26] . Ichimiya et al. [27] ] i is dramatically inhibited by the presence of either heparin or HS in a dose dependent manner [26] . Although the exact mechanism still remains unclear, these phenomena imply that cell surface HS prevent oxalate induced-cell injury.
Interactions between renal epithelial cells and CaOx crystals (or oxalate ions) no doubt play a crucial role in the formation of urinary stones [28, 29] . Renal epithelial cells respond to hyperoxaluria and the presence of CaOx crystals both in vivo [15, 30] and in vitro [31, 32] . It is well known that calcium-binding proteins as well as GAGs chelate calcium and coat the surfaces of calcium containing crystals, which are then either excreted as crystalluria particles or endocytosed by the epithelial cells. Crystals produced in such an environment have protein coats and are apparently less reactive with renal epithelial cells [29] . Our previous study implied that CaOx nephrolithic conditions might induce increased expression of HSPG in the tubular epithelial cells and thereby protect and repair the damaged epithelial surface [4, 5] . Moreover, Barsotti and colleagues reported on the effect of administered HS in rat remnant kidney model [33] . In their study, HStreated rat kidney showed a lower prevalence of glomerular sclerosis, mesangial proliferation, and much less evident tubulaointerstitial damage than controls. They concluded that HS might act as a renoprotective substance via anti-proliferate and anti-inflammatory effects [33] .
Oxalate, which is a common constituent of kidney stones, induces renal epithelial toxicity [6, 7, 34] . Moreover, a high concentration of both oxalate and COM crystals also induces expression of various genes in renal epithelial cells as well as nephrolithic rat kidneys [15, [35] [36] [37] [38] .
In this study, we explored the acute effect of oxalate on the expression of syndecan-1 in MDCK cells. Based on our data, the increased expression of syndecan-1 strongly correlated with oxalate induced cell injury. These facts mean the HS/HSPG have some important role to prevent CaOx nephrolithiasis. To extend present study, a prolonged period of lower concentration of oxalate exposure on the cells should be also explored to estimate an influence of chronic mild hyperoxalic condition. Further study is warranted to investigate these mechanisms.
